Mobile app markets have been touted as fastest growing marketplaces in the world. Every day thousands of apps are published to join millions of others on app stores. The competition for top grossing apps and market visibility is fierce. The way an app is visually represented can greatly contribute to the amount of attention an icon receives and to its consequent commercial performance. Therefore, the icon of the app is of crucial importance as it is the first point of contact with the potential user/customer amidst the flood of information. Those apps that fail to arouse attention through their icons danger their commercial performance in the market where consumers browse past hundreds of icons daily. Using semantic differential scale (22 adjective pairs), we investigate the relationship between consumer perceptions of app icons and icon successfulness, measured by 1) overall evaluation of the icon, 2) willingness to click the icon, 3) willingness to download the imagined app and, 4) willingness to purchase the app. The study design was a vignette study with random participant (n = 569) assignment to evaluate 4 icons (n = 2276) from a total of pre-selected 68 game app icons across 4 categories (concrete, abstract, character and text). Results show that consumers are more likely to interact with app icons that are aesthetically pleasing and convey good quality. Particularly, app icons that are perceived unique, realistic and stimulating lead to more clicks, downloads and purchases.
Introduction
After app stores became prominent venues for providing software, the number of mobile apps has been constantly growing at a fast pace (Moreira et al., 2014) . Online storefronts try to attract critical masses in various ways, but effective design is necessary for consumer engagement (Overby and Sabyasachi, 2014) . Rapid changes in the app markets and consumer mindsets poise new possibilities and challenges in the world-wide competition of commercial success, which motivates the need for further research on app icons and consumer behavior.
App stores house a massive number of mobile applications, also known as apps. To this date, the total number of app downloads from app stores worldwide is estimated 197 billion. 1 Furthermore, global apps industry revenue has been predicted to rise to 188.9 billion U.S. dollars in 2020. 2 In light of these statistics, the impact of the apps industry to economic growth is undeniably high. All apps are listed on app stores as icons -a graphic that "provides a quick, intuitive representation of an action, a status or an app". 3 An icon-based graphical user interface (GUI) common to smartphones and tablets has a limited display area, which is why app icons should provide good recognition and user preference (Böhmer and Krüger, 2013; Chen, 2015; Hou and Ho, 2013) . Icons essentially act as a first-pass filter for saturated app markets, which is why they need to immediately capture a consumer's attention. 4 App icon is in many cases the first and most powerful opportunity to succeed in user engagement on the highly competitive app store markets (Woolridge and Schneider, 2011) , hence developers and designers must make a strong impact to prompt consumers to choose to interact with their app instead of the many others.
This observation leads us to the following key research questions: How do consumer perceptions of app icon aesthetics affect icon successfulness, namely, what are the aesthetic qualities that are likely to engage consumers into interacting with app icons? Moreover, does app icon appearance affect downloading and purchasing behavior of consumers? This topic is significant for research because minimal attention has been provided to how the visual attributes of apps represented on app stores affect consumer behavior (Wang and Li, 2017; Lin and Chen, 2018) . Although icons appear commonly on various interfaces, research examining the determinants of icon appeal is scarce (McDougall et al., 1998 (McDougall et al., , 2016 . To our knowledge, no theoretical accounts have been proposed to explain the effects of consumer perceptions on app icon successfulness at the time of this research. Therefore, this study intends to lay the groundwork with potentially far-reaching practical and theoretical implications.
Using semantic differential scale (22 adjective pairs), this exploratory (i.e. non-confirmatory) study investigates the relationship between consumer perceptions of app icons and icon successfulness, measured by 1) overall evaluation of the icon, 2) willingness to click the icon, 3) willingness to download the imagined app and, 4) willingness to purchase the app. The study design is a vignette study, in which participants (n = 569) were assigned to evaluate 4 randomized icons from a total of pre-selected 68 game app icons across 4 categories (concrete, abstract, character and text). Game app icons were selected to maximize internal validity. This resulted in a total of 2276 individual icon evaluations. The findings show that consumers are more likely to interact with app icons that are aesthetically pleasing and convey good quality. This contrasts prior research (Shaikh, 2009 ) on onscreen typeface design and usage, which was implemented as a basis for our experiment. Furthermore, gaps in prior icon design theories are exposed regarding predictors of icon successfulness in terms the adjective pairs Concrete-Abstract and Complex-Simple, as no consistent statistically significant effect was found among them in our study.
Background

Graphical presentation in human-computer interaction
Icons are pictographic symbols of data or processes within a computer system, applied principally to graphics-based interfaces of operating systems (Gittins, 1986) . Icons are widely used in human-computer interaction and they have replaced commands and menus as the means by which the computer supports a dialogue with the end-user (García et al., 1994; Gittins 1986; McDougall et al., 1998; Huang et al., 2002) . Similar to mobile platforms, iconic interfaces have made their way into our everyday life. Advances in technology result in additional features and further, additional icons. The evolution of icons is traced back to signs (Goonetilleke et al., 2001) . Signs are elements that "stand to someone for something in some respect or capacity" (Peirce, 1932) . This can be interpreted in the sense that signs as well as icons have a symbolic meaning or connotation behind them. Prior research (Wiedenbeck, 1999) supports this by noting that icons are interface objects that represent a larger system in a simplified, pictorial manner. As we communicate through symbols, these symbols must also be embedded in icons to evoke the desired connotation in the viewer (Horton, 1996) .
The terms icon and symbol are differentiated in that icons have a physical connection to a target or function, whereas symbols have an arbitrary, indirect relationship to that which they refer (Horton, 1994) . However, the use of the term "icon" to describe symbols has become dominant especially in the interactive field (Horton, 1996) . Thus, the everyday usage of "icon" stands for any graphic on an interactive button, and these icons can represent system objects such as files or folders, or actions such as messaging or calling (Wiedenbeck, 1999) . Furthermore, leisurely icons, such as game and movie icons, often depict characters and other relevant features to the title which they represent. This is believed to enhance product identity and brand personality (Phillips, 1996) .
The reason why icons are extensively used is due to many factors. Icons facilitate human-computer interaction because they are swiftly recognized and memorized (Horton, 1994 (Horton, , 1996 McDougall et al., 1999; Wiedenbeck, 1999) . Icons are also more convenient for universal communication than text, since language interpretation is not an obstacle (Arend et al., 1987; Horton, 1994 Horton, , 1996 Lodding, 1983; McDougall et al., 1999) . Despite these positive results of icon usage, there is little published research on app icons, justifying further investigation.
One aspect of prior research on icon aesthetics concerns whether concrete or abstract icons are more effective from user perspective (e.g. Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall et al., 1998 McDougall et al., , 1999 McDougall et al., , 2000 Moyes and Jordan, 1993; Rogers and Oborne, 1987) . Icon concreteness is the extent to which it depicts real objects (Isherwood et al., 2007) , whereas icon abstractness tends to have less obvious connections with real objects (McDougall et al., 1999) . Some studies (e.g. Hou and Ho, 2013; McDougall and Reppa, 2008; McDougall et al., 1999 McDougall et al., , 2000 Moyes and Jordan, 1993; Rogers and Oborne, 1987) show that most users prefer concrete, rich icon designs to abstract, simplified icons, while others have found conflicting results (Arend et al., 1987; McDougall et al., 1998) . Prior research has also suggested that concreteness may not be of primary importance after all, rather semantic distance and familiarity may be more important (Blankenberger and Hahn, 1991; Dewar, 1999; Isherwood et al., 2007; McDougall et al., 1998 McDougall et al., , 1999 McDougall and Reppa, 2008; Schröder and Ziefle, 2008) . Furthermore, icon familiarity has been acknowledged to help reduce the amount of information to communicate a message (Arab et al., 2013; Forsythe et al., 2008) which makes an icon easier to understand.
The juxtaposition of concrete and abstract icons is sometimes referred to as the guessability gulf (Moyes and Jordan, 1993) . This is because concrete icons are easier to cognitively process at first sight than abstract icons. Despite the debate between concreteness and abstractness of icons, it is noteworthy that icon preference is affected by many factors. Computer icons have evolved from information signs to a part of consumer culture (Huag et al., 2002) , therefore different types of icons may be suitable for different purposes and personalities. For example, concrete icons can be useful in public information systems or warnings (McDougall et al., 1998; McDougall and Reppa, 2013) where the goal is to clearly communicate information, whereas more stylistic icon design may promote other ends (Hou and Ho, 2013) .
Another aspect of effective icon design is the speed and ease with which icons can be understood (e.g. Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; Lodding, 1983; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall and Reppa, 2013; McDougall et al., 2016; Moyes and Jordan, 1993; Wiedenbeck, 1999) . Prior research Reppa, 2013, McDougall et al., 2016) on interface icon design has found that processing fluency affects icon appeal and that simple icon design has been shown to lead to user satisfaction. Factors influencing icon processing are e.g. icon familiarity and complexity, meaning that the easier the icon is to process due to simple design and earlier experience with similar icons, the more appealing it is (Arab et al., 2013; Choi and Lee, 2012; Dewar, 1999; Forsythe et al., 2008; Goonetilleke et al., 2001; Huang et al., 2002; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall et al., 1998; McDougall and Reppa, 2013; Moyes and Jordan, 1993) .
Further concerning icon design and icon effectiveness, it has been speculated by prior research that the most important features of an icon are dominance, uniqueness or discriminability, and unambiguity (Arend et al., 1987; Dewar, 1999; Goonetilleke et al., 2001; Huang et al., 2002) . Dominance is defined as a characteristic intrinsic to a function and its context. An icon element is dominant if the other icon elements can be inferred from the first one. Therefore, icons with dominant elements are said to be processed more fluently than icons with redundant elements (Goonetilleke et al., 2001 ). An icon is said to convey uniqueness or discriminability when the representation and its function has perceptual immediacy, making an icon distinguishable and locatable among other icons (Goonetilleke et al., 2001; Huang et al., 2002) . For example, icons featuring elements that are not interchangeable with other representations enhance icon uniqueness. The use of unique, visually distinctive icons has been shown to lead into better performance compared to icons that are not perceived as unique (Arend et al., 1987; Goonetilleke et al., 2001; Huang et al., 2002) . However, uniqueness/discriminability has not been defined formally as specific differences in icons but rather it is in the eye of the beholder. Therefore, there is not a tangible way to define what it means in terms of specified features of an icon. Unambiguity is defined as a representation that can be associated with only one of the functions in a given context (Goonetilleke et al., 2001) . If an icon is ambiguous, i.e. it holds multiple meanings in a single context, it may result in various interaction problems to users, especially if they have limited experience in icon identification (Black, 2017; Goonetilleke et al., 2001; Rogers and Oborne, 1987; Salman et al., 2010) . For example, an icon depicting only a human face with an open mouth can refer to various actions such as eating, drinking or speaking, and therefore the representation is ambiguous. In this case, adding another element guiding the contextual function would aid in reaching unambiguity. Such an element could be e.g. a cup of coffee, which would make the icon easier to interpret as something related to the function of drinking (Goonetilleke et al., 2001) .
App icons are a necessary part of branding and product design, as icons are key marketing elements presented to the consumer before downloading an app (i.e. product). Effective package and product design has been widely acknowledged as a factor for advantage in economic competition (e.g. Ares et al., 2011; Creusen and Schoormans, 2005; Creusen et al., 2010; Rundh, 2009; Schifferstein et al., 2013) . Consumers use a lot of time and effort to evaluate how a product is presented, and often form their perceptions on brands based on design (Orth and Malkewitz, 2008) . Hence, design affects brand and product selection and may drive purchase decisions (Ares et al., 2011; Creusen and Schoormans, 2005; Creusen et al., 2010; Fenko et al., 2010; Orth and Malkewitz, 2009; Schifferstein et al., 2013; van Rompay et al., 2009) . In this light, the effects of product design should be of great importance to app designers, marketers and developers.
Product presentation can be divided into two main categories, visual and informational elements. Visual elements (i.e. graphics) include layout, color, typography, size and shape, whereas informational elements include written information about the product (Silayoi and Speece, 2004) . App icons belong to the category of visual elements that communicate to the consumer most directly. In decision-making, consumers spontaneously form impressions of product content quality based on how a product is presented (Underwood et al., 2001; Yun et al., 2003) and these impressions can have lasting impact. For example, consumers perceive highly saturated colors as exciting (Labrecque and Milne, 2011) , making them popular in product presentation. Furthermore, it is believed that effective visual elements in product presentation evoke more of an emotional response than informational elements (Silayoi and Speece, 2004) , which in turn brings extra value to the product and increases the possibility of purchase (Cho and Lee, 2005) . Hence, emotional impact is important when creating products, services and brands (Crossley, 2003) .
Related work
Prior studies have investigated effective icon design in terms of icon concreteness and abstractness (e.g. Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall et al., 1999 McDougall et al., ,2000 Moyes and Jordan, 1993; Rogers and Oborne, 1987) , icon familiarity (Arab et al., 2013; Dewar, 1999; Forsythe et al., 2008; Huang et al., 2002; Isherwood et al., 2007; Reppa 2008, McDougall and Reppa, 2013; McDougall et al., 2016; Moyes and Jordan, 1993) , icon simplicity and complexity (Choi and Lee, 2012; Goonetilleke et al., 2001; Reppa, 2008, McDougall and Reppa, 2013; McDougall et al., 2016) as well as uniqueness/discriminability and unambiguity (Creusen and Schoormans, 2005; Creusen et al., 2010; Dewar, 1999; Goonetilleke et al., 2001; Huang et al., 2002; Salman et al., 2010) . However, app icons on app stores differ from other interface icons in that they are not only designed for interaction, but also as marketing assets meant to attract the consumer and to stand out in a display of many other offerings, much like any other, more tangible product. From this perspective, there are a plethora of other aspects that could also prove to be important determinant of app icon successfulness.
The handful of studies that have investigated the relationship between app icons and consumer behavior have consensus in that app icons play an important role in the mobile app markets, and that attractive icons have the power to trigger the interest of consumers (Burgers et al., 2016; Chen, 2015; Hou and Ho, 2013; Lin and Chen, 2018; Salman et al., 2010; Shu and Lin, 2014; Wang and Li, 2017) . Nevertheless, mixed results have been reported on the attributes of successful icons. Studies that have investigated app icon design to understand task performance and user preference of different icon types have found that consumers prefer detailed, pictorial app icon design (Chen, 2015; Hou and Ho, 2013) , sometimes regardless of inefficiency on task performance (Chen, 2015) . Other findings on the visual attributes of app icon appearance recommend simplicity and complexity to be balanced for consumer appeal, as well as adding slight asymmetry to the design (Wang and Li, 2017) . Moreover, positive evidence suggests that color is an important aspect of app icon design, as particularly bright and colorful icons increase the chance of app downloads and consumer preference (Salman et al., 2010; Wang and Li, 2017) . Prior research on the relationship between icon attributes and consumer choice of apps has reported that app icon successfulness is dependent on app type as well as user personality and demographics (Hou and Ho, 2013; Salman et al., 2010; Shu and Lin, 2014) , which complicates conclusions on the topic. Conflicting findings may be due to the fact that aesthetic appeal is a multi-dimensional topic that consists of various dimensions (Reppa and McDougall, 2015) . According to the literature review herein, it appears that currently there does not exist a coherent body of knowledge on the issue of understanding how icon aesthetics affect perception and behavior. This is especially so as there exist only few studies on the topic as well as because their results are slightly mixed and conflicting. No clear trajectory of results emerges from the literature. Apps are used for several purposes by users with different profiles, thus it is important to advance knowledge in this topic to avoid pitfalls during icon design. As literature on this topic is limited, further investigation is justified.
Therefore, we set out to explore the relationship between consumer perceptions of app icon aesthetics and icon successfulness, to find out what are the perceived aesthetic qualities that are likely to engage consumers into interacting with app icons to fill the gap in prior literature identified above. Furthermore, we wish to further the body of research so that a pathway to a more coherent conclusion of icon aesthetics and consumer perceptions could be formed. The following section introduces the study design.
Methods and data
In order to find out how consumer perceptions of app icon aesthetics affect icon successfulness, we employed a semantic differential scale of 22 adjective pairs, measured by 1) overall evaluation of the icon, 2) willingness to click the icon, 3) willingness to download the imagined app and, 4) willingness to purchase the app. This study utilized a within-subjects vignette approach, where each subject (n = 569) served in four treatments. Participants were assigned to evaluate 4 randomized icons from a total of pre-selected 68 game app icons across 4 categories (concrete, abstract, character and text) in a hypothetical situation setting instead of a description more typical to vignette studies. The aim was to acquire reliable data by exposing the participants close to a realistic setting outside the app store context. This resulted in a total of 2276 individual icon evaluations. The experiment was carried out as a self-administered online task. The following Section 3.1 describes the participants in the study.
Participants
The sample is composed of a nonprobability convenience sample with 569 respondents who participated in the study and assessed game app icons through the vignette experiment. A link to the online experiment was advertised in Facebook groups and Finnish student organizations' mailing lists. The participants predominantly resided in Finland (92.8%). Other countries clearly represented in the data were the United States (2.1%) and United Kingdom (2.1%). Please refer to Table 1 for demographic details of participants.
The gender split across participants was rather equal, as only slightly more than half were male (52.2%). The mean age was 26.90 years (SD = 7.24 years; 16-62 years). Most participants were university students (61.7%) and had a university-level education (39.9%). On a weekly basis, most participants (75.4%) did not download any game apps. Missing data (1.8%) was encountered for this item, as the frequency of mobile game downloads was only asked of those who use a smartphone. To counter possible bias in the experiment, participants who did not download game apps frequently were instructed to answer based on their expectations of game app icons they might interact with. Two participants were randomly chosen and awarded a prize (Polar Loop 2 Activity Tracker). No other participation fees were paid. Participants were informed of the purpose of the study and assured anonymity.
Materials
Sixty-eight game app icons from Google Play Store were selected for the study. The decision to narrow down the sample to game app icons was made to eliminate further variability that might stem from the nature of the app and thus increase internal validity of the experiment, but also external validity in terms of results applied to the game icons. In order to avoid any systematic bias, 4 icons corresponding to dominant icon styles (concrete, abstract, character and text) were selected from each of 17 categories for game apps (action, adventure, arcade, board, card, casino, casual, educational, music, puzzle, racing, role playing, simulation, sports, strategy, trivia and word). Because icon design for app stores is category-dependent (Shu and Lin, 2014) , we considered it justified to include icons from all categories. Prior literature highlights the relevance of concreteness and abstractness in icon design (e.g. Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall et al., 1999 McDougall et al., , 2000 Moyes and Jordan, 1993; Rogers and Oborne, 1987) , hence they were included in this experiment. The icons are presented in Table 2 .
Looking at the icons on app stores, characters and typography are prevalent elements usually seen on app icons. It has been argued that faces on app icons are widely used because of the immediate impact and memorability they have due to neural processing of facial expressions. 5 Furthermore, as the study design is based on prior research (Shaikh, 2009 ) on onscreen typeface and usage, text elements were included. During the selection phase we ensured that one icon from each category was dominantly characteristic of one of these 4 attributes. Since the categories are overlapping to an extent, separation between the categories was based on the most prominent elements in the icons. For example, icons in the "concrete" genre were selected in such a way that facial structures were not dominant in the icon, whereas in the "character" genre, the main element in the selected icons was a close-up image where the facial expression was prevalent.
Additional criteria were the publishing date of the apps and the number of installs and reviews they had received at the time of selection. Since the icons in the experiment were chosen during December 2016, the acceptable publishing date for the apps was determined to range from December 3rd to 17th 2016. No more than 500 installs and 30 reviews were permitted. The aim of this was to choose new app icons to eliminate the chance of app and icon familiarity and thus, systematic bias. Moreover, the goal was to have as visually rich sample of icons as possible, meaning that several different computer graphic techniques were included, such as 2D and 3D rendered images.
Measurements
Semantic differential scale was used to measure respondent evaluations of aesthetic aspects of the icons. A total of 22 adjective pairs was formulated and assigned to each icon. The polarity of the adjective pairs was reversed so that perceivably positive and negative adjectives did not align on the same side of the scale. All of the adjective pairs were chosen according to prior research (Shaikh, 2009 ) on onscreen typeface design and usage. Additionally, adjectives related to icons were added as suggested per previous literature on effective icon design. These adjectives include concrete and abstract (Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall et al., 1999 McDougall et al., , 2000 Moyes and Jordan, 1993; Rogers and Oborne, 1987) , simple and complex (Choi and Lee, 2012; Goonetilleke et al., 2001; Reppa, 2008, 2013; McDougall et al., 2016) as well as unique and ordinary (Creusen and Schoormans, 2005; Creusen et al., 2010; Dewar, 1999; Goonetilleke et al., 2001; Huang et al., 2002; Salman et al., 2010) . Furthermore, adjective pairs that were added to specifically measure the aesthetics of the icons include professional and unprofessional, colorful and colorless, realistic and unrealistic as well as two-dimensional and three-dimensional. Table 3 lists the adjective pairs used in the study and presents an overview of the means and standard deviations. There were no outlier values and the range between the lowest and highest scores cluster closer to the average even though the 68 icons were quite different from each other. All the mean scores were between 3.5 and 4.5 for each evaluation. This indicates little skewness in the data.
To measure participants willingness to interact with the icons presented to them, a seven-point Likert scale was utilized to measure the degree of disagree-agreement of the respondents with respect to the likelihood of them clicking, downloading, and purchasing the imagined app behind the icon with an instruction title: "Overall evaluation (judging by the icon alone)" followed by questions: "Compared to the mobile game icons I usually click, I would click this icon", "Compared to the icons of mobile games I usually download, I would click this icon" and "Compared to the icons of mobile games I usually purchase, I would click this icon." Respondents were provided the following options on the seven-point scale: "Strongly disagree", "Disagree", "Somewhat disagree", "Neither agree nor disagree", "Somewhat agree", "Agree" and "Strongly agree". Moreover, respondents were asked to give an overall evaluation score for the design of each icon by grading them on a seven-point scale to further assess consumer perceptions of H. Jylhä and J. Hamari International Journal of Human-Computer Studies 130 (2019) 73-85 icon successfulness.
Procedure
The data was collected through a survey-based vignette experiment. Respondents were provided the purpose of the study after which they were guided to fill out the survey. The survey consisted of three or four parts depending on the choice of response. The first part mapped out mobile game and smartphone usage with the following questions: "Do you like to play mobile games?", "In an average day, how much time do you spend playing mobile games?" and "How many smartphones are you currently using?". The second part included more specific questions about the aforementioned, e.g. the operating system of the smartphone (s) in use, the average number of times browsing app stores per week and the amount of money spent on app stores during the past year, as well as the importance of icon aesthetics when interacting with app icons. If the respondent answered that they do not use a smartphone in the first part, they were assigned directly to the third part.
In the third part, the respondent was asked to evaluate game app icons using seven-point semantic differential scales. Prior to this, the following instructions were given on how to evaluate the icons: "In the following section you are shown pictures of four (4) mobile game icons. The pictures are shown one by one. Please evaluate the appearance of each icon according to the adjective pairs shown below the icon. In each adjective pair, the closer you choose to the left or right adjective, the better you think it fits to the adjective. If you choose the middle space, you think both adjectives fit equally well." The respondent was reminded that there are no right or wrong answers and was then instructed to click "Next" to begin. The respondent was shown one icon at a time and was asked to rate the 22 adjective pairs under the icon graphic with an initial "In my opinion, this icon is…". Each respondent was randomly assigned four icons to evaluate, one from each category of pre-selected icon attributes (abstract, concrete, character and text). After the semantic scales, the participant rated their willingness to click the icon as well as download and purchase the imagined app that the icon belongs to, by using a seven-point Likert scale on the same page with the icon. Last, demographic information (age, gender, etc.) was asked. The survey took about 10 min to complete.
The survey was implemented via Surveygizmo, an online survey tool. All content was in English. The data was analyzed with IBM SPSS Statistics version 24 and Microsoft Office Excel 2016. The following section describes the results of the analysis.
Results
Multiple linear regression analyses (MLRA) were performed to investigate the relationships between perceptions of icons (represented by the 22 adjective pairs) and each of the four variables related to icon successfulness (1. overall evaluation of the icon, 2. willingness to click the icon, 3. willingness to download the imagined app and, 4. willingness to purchase the imagined app). Please refer to Table 4 for results.
We tested for multicollinearity with variance inflation factors (VIF), a common procedure in regression analysis to observe whether some relationships are masked due to collinearity. Multicollinearity causes inflation in the variances of regression coefficients, which may lead in unreliable conclusions about the relationship between variables. The VIF values for each adjective pair were between 1.5 and 2.7, except for the adjective pair Beautiful-Ugly and Good-Bad (VIF >3). Please refer to Table 5 for VIF scores.
According to Montgomery and Peck (1992) a VIF value that exceeds 5 (or in some cases 10) implies multicollinearity. In this light, the values in the analysis are more than acceptable. Nevertheless, compared to the other values, the higher VIF of Beautiful-Ugly and Good-Bad may suggest some multicollinearity, albeit that the values are not critically high. However, omitting variables due to relatively high VIF values (in comparison with other variables in the models) is a standard procedure that can be performed as a theory-driven decision. In this study, we aim to make predictions on the more underlying elements of icon aesthetics than those that are conceptually overlapping (i.e. Beautiful-Ugly and Good-Bad) at a higher level. Hence, we considered it worth finding out if there are significant elements hidden in the model when the adjective pairs of the highest VIF scores are removed. Thus, we ran additional post-hoc regression analyses excluding adjective pairs Beautiful-Ugly and Good-Bad. The analyses were performed with the remaining 20 adjective pairs and each of the four variables related to icon successfulness (1. overall evaluation of the icon, 2. willingness to click the icon, 3. willingness to download the imagined app and, 4. willingness to purchase the imagined app). Please refer to Table 6 for results.
Our predictions regarding hidden relationships between variables H. Jylhä and J. Hamari International Journal of Human-Computer Studies 130 (2019) 73-85 due to multicollinearity were supported by the results of the post-hoc analyses ( Table 6 ). Hidden significant effects were found when the analyses were performed without the adjective pairs Beautiful-Ugly and Good-Bad. This is probably caused by the general nature of the adjective pairs that may cause some of the relevant effects to remain undetected when they are kept in the model. Thus, in future research, the initial model could be corrected in such a way that the adjective pairs Beautiful-Ugly and Good-Bad are removed, as they may bias relationships with other variables.
The results indicate that regarding the relationship between consumer perceptions of app icons and their overall evaluation, the following ends of the semantic differentials positively predicted their grade (Table 4) : beautiful, good, unique, soft, exciting, active, colorful, masculine, three-dimensional, young, professional, relaxed and strong. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the overall evaluation (Table 6) : expensive, quiet, realistic, happy, and simple.
The following ends of the semantic differentials positively predicted the willingness to click app icons (Table 4) : beautiful, good, unique, soft, exciting, active, realistic, quiet, colorless, masculine and two-dimensional. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the willingness to click (Table 6) : professional, expensive, strong, relaxed, happy, and young.
The following ends of the semantic differentials positively predicted the willingness to download the imagined app that the icon belongs to (Table 4) : beautiful, good, unique, soft, exciting, active, realistic and quiet. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the willingness to download (Table 6) : professional, expensive, strong, happy, young, and simple.
The following ends of the semantic differentials positively predicted the willingness to purchase the imagined app that the icon belongs to (Table 4) : beautiful, good, unique, soft, exciting, realistic, quiet, colorless and sad. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the willingness to purchase (Table 6) : professional, expensive, strong, relaxed, and fast.
Additionally, both of the previous multiple linear regression models (Tables 4 and 6) were performed with stepwise method to acquire a more thorough understanding of the perceptions of icons (represented by the 22 adjective pairs) and each of the four variables related to icon successfulness (1. overall evaluation of the icon, 2. willingness to click the icon, 3. willingness to download the imagined app and, 4. willingness to purchase the imagined app). The purpose of these analyses was to observe whether there are differences in which adjective pairs are inserted in the models, in order to compare to the previous MLRA models. Please refer to Tables 7 and 8 for results.
The stepwise regressions inserted 12 to 9 of the original 22 adjective pairs in the final models per dependent (overall evaluation: 12, willingness to click: 11, willingness to download: 12, and willingness to purchase: 9). Nearly all variables in the models (except the adjective pair Happy-Sad within the willingness to download in Table 8 ) were statistically significant at the 0.05 or 0.01 level. These findings support the results of the previous regression analyses (Table 4 ) in that the adjective pairs inserted in the final models of the stepwise analyses were nearly identical to the previous MLRA.
In order to compare the results to the post-hoc MLRA (Table 6) , we ran the stepwise regressions without the adjective pairs Beautiful-Ugly and Good-Bad to find out if hidden relationships remained. Please refer Table 6 The relationship between consumer perceptions of icons and the willingness to click, download and purchase (excluding Beautiful-Ugly and Good-Bad). to Tables 9 and 10 for results. The stepwise regressions that were performed without the adjective pairs Beautiful-Ugly and Good-Bad inserted 15 to 11 adjective pairs in the final models per dependent (overall evaluation: 15, willingness to click: 13, willingness to download: 14, and willingness to purchase: 11). All variables in the models were statistically significant at the 0.05 or 0.01 level. The findings repeat our notion regarding the adjective pairs Beautiful-Ugly and Good-Bad, namely, that several underlying significant effects are revealed without these two adjective pairs with the highest VIF scores (Table 5 ) in the model.
The stepwise regression results indicate that regarding the relationship between consumer perceptions of app icons and their overall evaluation, the following ends of the semantic differentials positively predicted their grade (Table 7) : good, beautiful, active, professional, Table 7 Overall evaluation and the willingness to click (stepwise).
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The willingness to download and purchase (stepwise).
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Table 9
Overall evaluation and the willingness to click excluding Beautiful-Ugly and Good-Bad (stepwise).
Step # Beta p Evaluation (R 2 = 0.566) Click (R 2 = 0.387) H. Jylhä and J. Hamari International Journal of Human-Computer Studies 130 (2019) 73-85 unique, exciting, young, masculine, relaxed, strong, soft and three-dimensional. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the overall evaluation (Table 9) : happy, expensive, quiet, realistic, colorful, and simple.
The following ends of the semantic differentials positively predicted the willingness to click app icons (Table 7) : good, beautiful, unique, active, colorless, exciting, quiet, masculine, two-dimensional, realistic and soft. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the willingness to click (Table 9) : expensive, professional, happy, strong, relaxed, and simple.
The following ends of the semantic differentials positively predicted the willingness to download the imagined app that the icon belongs to (Table 8) : good, beautiful, unique, exciting, professional, quiet, active, realistic, abstract, soft and masculine. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the willingness to download (Table 10) : expensive, relaxed, strong, simple, happy, and young.
The following ends of the semantic differentials positively predicted the willingness to purchase the imagined app that the icon belongs to (Table 8) : good, beautiful, unique, sad, fast, realistic, soft, professional and colorless. Without the adjective pairs Beautiful-Ugly and Good-Bad, the following adjectives also revealed to be positive predictors of the willingness to purchase (Table 10) : expensive, relaxed, strong, quiet, exciting, and abstract.
Lastly, we ran the MLRA models with the variable on how many mobile games participants download per week as a control variable to investigate systematic effect on rating. Section 3.1 (Table 1) stated that the majority of participants (75.4%) did not download any game apps on a weekly basis. Including this variable in the analyses did not alter the ratings in a significant manner. The number of game apps downloaded had a statistically significant effect (β = −0.034, p < 0.01) in the overall evaluation of the icon, but as the effect is quite small, it can be considered irrelevant in these results.
Discussion
Using semantic differential scale (22 adjective pairs), this study investigated the relationship between consumer perceptions of app icons and icon successfulness, measured by 1) overall evaluation of the icon, 2) willingness to click the icon, 3) willingness to download the imagined app and, 4) willingness to purchase the app. The study design was a vignette study, in which participants (n = 569) were assigned to evaluate 4 randomized icons from a total of pre-selected 68 game app icons across 4 categories (concrete, abstract, character and text). This resulted in a total of 2276 individual icon evaluations. The goal was to discover aesthetic qualities that are likely to predict consumer behavior related to clicking on app icons as well as downloading and purchasing apps on app stores.
A clear pattern was displayed by the ratings of the MLRA including all 22 adjective pairs (Table 4 ) in that the likelihood to icon successfulness can be predicted by the following set of adjectives: beautiful (vs. ugly), good (vs. bad), and unique (vs. ordinary). Icons that were associated with these adjectives projected a positive overall evaluation and willingness to click the app icon as well as download and purchase the imagined app. The polar opposite of these adjectives on the semantic scale has an equally negative effect on the aspects of icon successfulness.
The adjectives "beautiful" and "good" were statistically significant in all cases, which was to be expected. As the adjectives are of general nature, they may reflect more of an overall estimate of aesthetic quality of an icon which poses a potential limitation that should be considered in future studies. Adjective pairs related to aesthetic qualities, such as Colorful-Colorless, Realistic-Unrealistic and Two-dimensional-Threedimensional, are perhaps more specific in nature and thus express more variation in the ratings seen on Table 4 . Nevertheless, this insight is valuable as it contrasts prior results (Shaikh, 2009 ) on onscreen typeface design and usage that was implemented as a basis for our experiment. Shaikh's (2009) results indicate that not all typefaces for online content should convey beauty, particularly if it is not consistent with the meaning and context of the text. The findings in this study indicate that in app icon successfulness, beauty is an important factor in all cases regardless of the context.
Prior research emphasizes the importance of icon uniqueness related to task performance and user preference (Arend et al., 1987; Creusen and Schoormans, 2005; Creusen et al., 2010; Dewar, 1999; Goonetilleke et al., 2001; Huang et al., 2002) . The results in this study support this notion as the adjective "unique" is statistically significant in each of the four variables in the MLRA including all 22 adjective pairs (Table 4 ) along with the post-hoc MLRA that were performed without the adjective pairs Beautiful-Ugly and Good-Bad (Table 6) . Icon memorability is suggested as one of the key design elements for app icons by the developer guides of leading app stores, 6,7 which is likely due to the large mass of app icon material available for consumers on app stores. Uniqueness helps app icons stand out in a display Table 10 The willingness to download and purchase excluding Beautiful-Ugly and Good-Bad (stepwise).
Step # Beta p Download (R 2 = 0.378) Purchase (R 2 = 0.304) of many other offerings. Hence, on the basis of the ratings in our analyses (Tables 4 and 6) , we suggest that app icons need to be distinguishable to successfully attract consumers. Evidently, icon uniqueness is a combination of multiple features. However notably, a comparison between the four icon categories (abstract, concrete, character and text) in this study indicate that abstract icons were perceived as unique more often than icons from the other categories. Thus, abstract elements may enhance perceived icon uniqueness. The post-hoc MLRA that were performed without the adjective pairs Beautiful-Ugly and Good-Bad (Table 6) exposed other significant effects in addition to icon uniqueness, that may perhaps explicate icon successfulness on a more detailed level. The results in Table 6 indicate that the likelihood to a higher overall evaluation as well as clicking, downloading and purchasing can be predicted by the following adjectives: professional (vs. unprofessional), expensive (vs. cheap), soft (vs. hard), strong (vs. weak), relaxed (vs. stiff), realistic (vs. unrealistic), exciting (vs. calm) and quiet (vs. loud).
Product presentation has been shown to affect consumer perceptions, meaning that if the presentation conveys high quality, consumers also perceive the product to be of high quality, and vice versa in relationship to low quality presentation (Silayoi and Speece, 2004) . This way, the representation can be favorable or unfavorable to the content. The evidence in this study suggests that this theory may apply to app icons, as both the adjectives "professional" and "expensive" convey high quality. From the pool of the 68 game app icons used in this study, these adjectives are associated with such aesthetic app icon qualities as e.g. rounded corners, use of color gradient, shading and highlighting.
Prior research (Burgers et al., 2016) has established a connection with positive consumer attitudes and the use of visual metaphors in app icons. In consumer research, the use of metaphors has been shown to enhance appreciation of a product, because it is much like solving a puzzle, which rewards the consumer and thus inspires positive evaluations (Phillips and McQuarrie, 2009) . For example, the product attribute of softness can be metaphorically represented by feathers or kittens, whereas strength can be represented by an image of a lion (Fenko et al., 2018) . The statistical significance of the adjectives "soft" and "strong" highlights these prior observations. In this study, "soft" which is the opposite of "hard", is associated with such aesthetic app icon qualities as e.g. desaturated colors and objects depicted in the icon that are perceived as delicate, e.g. animal fur. On the other hand, "strong" which is the opposite of "weak", is associated with bold colors and hard-rendered surfaces, as well as objects depicted in the icon that are perceived powerful, e.g. a flying saucer or a hammer. It is believed that positive emotion between consumer and product brings extra value and increases the possibility of purchase (Cho and Lee, 2005) . Furthermore, positive impressions have been considered as an important part of consumer perception (Yun et al., 2003) . The statistical significance of the adjectives "relaxed" and "quiet" emphasize this observation as they are emotionally engaging qualities that can be perceived positive. Prior results have shown that vivid, highly saturated colors are perceived as exciting by consumers (Labrecque and Milne, 2011) . The adjective "exciting", which is the opposite of "calm" in this study, supports these findings as the icons that received high ratings for the adjective "exciting" express bold colors, similar to the icons perceived as "strong". The icons perceived as "exciting" also highly correlate with the stimulus depicted in the icon, e.g. the face of an angry dragon or riding a motorcycle.
Icon concreteness is the extent to which it depicts real objects (Isherwood et al., 2007) , whereas icon abstractness tends to have less obvious connections with real objects (McDougall et al., 1999) . In this study, the positive ratings for the adjective "realistic" may be correlated to icon concreteness, which has been proven a significant predictor in icon effectiveness in prior studies (Hou and Ho, 2013; McDougall and Reppa, 2008; McDougall et al., 1999 McDougall et al., , 2000 Moyes and Jordan, 1993; Rogers and Oborne, 1987) . However, the adjective "concrete" was found to be of no significant effect in the results (Tables 4 and 6) , which justifies further research on the relationship of concreteness and realism within the genre of app icons.
The main observation of the results is not only the similarities that increase our insight into this topic, but also the differences in conjunction with the recurrence of statistically significant variables that may explicate consumer perceptions of app icons on a more detailed level. In spite of the findings in the MLRA that were performed without the adjective pairs Beautiful-Ugly and Good-Bad (Table 6) , it is important to note that both "beautiful" and "good" are significant in predicting consumer interaction with app icons.
The findings in this study exposed gaps in prior icon design theories, which they did not replicate to the following extent. From the perspective of previous literature on effective icon design, the statistical insignificance of the adjective pairs Concrete-Abstract and Complex-Simple was unexpected. It has been widely speculated that the Concrete-Abstract (e.g. Arend et al., 1987; Blankenberger and Hahn, 1991; Dewar, 1999; Hou and Ho, 2013; Isherwood et al., 2007; McDougall and Reppa, 2008; McDougall et al., 1999 McDougall et al., , 2000 Moyes and Jordan, 1993; Rogers and Oborne, 1987) and Complex-Simple (e.g. Choi and Lee, 2012; Goonetilleke et al., 2001; Reppa, 2008, 2013; McDougall et al., 2016) relationship predicts icon successfulness. However, the results of our experiment contrast this statement as neither of the adjective pairs was statistically significant in the first MLRA (Table 4 ). In the second MLRA (Table 6) , the adjective pair Complex-Simple was only marginally statistically significant in two of the variables (i.e. overall evaluation and downloading). This calls for more research on app icons, as the Concrete-Abstract and Complex-Simple theories were initially established within other icon genres and have not yet been explored further in relationship to app icons.
Practical implications
Before setting practical implications, it is essential to understand the scope of the empirical study and the scope of possible guidelines that can be drawn. The broad objective of the study was to increase the understanding of how people's aesthetic perceptions of graphical user interface elements affect people's willingness to interact with those elements. In this study, we selected game app icons as the operationalization and/or case of graphical user interface element, and selfreported overall evaluation as well as willingness to click (the icon), download and purchase the app related to the icon as operationalization of GUI element successfulness. It should be noted that this study did not measure or investigate the relationship between graphical features of the icons and aesthetic perception. The study investigated relationships between the aesthetic perception and willingness to interact. Therefore, the study is unable to directly or reliably inform how graphical user interface elements should be designed in terms of their features, rather it can inform what kinds of aesthetic perceptions graphical user interface elements (i.e. icons) should be brought to evoke. Hence, the recommendations related to graphical features herein are based on qualitative assessment of the mean scores of different adjectives in icon ratings. The results and guidelines are directly applicable to the context of mobile (game) app icons, and with some hesitation, all icons. The results could also be applied all the way up to discussing best practices related to any graphical user interface elements but naturally with increased caution as the external validity diminishes the more general the context in which the knowledge from the results is applied in. Naturally, more similar research is needed across categories of GUIs to enforce and enrich the normative knowledge surrounding the area. Practical implications directly following the empirical results of the study are listed in the following.
Design implication 1: First and foremost, the results unsurprisingly suggest that to increase consumer interaction in terms of app icon successfulness (i.e. overall evaluation, willingness to click an icon as well as download and purchase the imagined app behind the icon), the app icon should be perceived as high quality which is indicated by the results where the following perceptions predicted app icon successfulness across the board (Tables 4 and 6) : beautiful, good, professional, and expensive. All these adjectives can be associated with general high quality. If cursively investigating the icons that score high on these perceptions, they seem to share some of the following features (Appendix A): transparent parts on the outer layers, color gradients, shading and highlighting as well as high graphical fidelity.
Design implication 2: Separately from perceptions related to high quality (implication 1), uniqueness was another strong predictor of icon successfulness (Tables 4 and 6) . Therefore, a successful app icon should be unique and memorable to stand out from the app store masses where there is a lot of icon material present. If cursively investigating the icons that score high or low on the uniqueness-ordinariness continuum, they seem to share some of the following features (Appendix A): 1) icons rated as unique more commonly featured asymmetric and abstract shapes, use of various ends of the color spectrum as well as elements rarely encountered in daily life (e.g. a voodoo doll); 2) icons rated as ordinary broadly portrayed concrete, static shapes as well as objects typical to daily life (e.g. a house or a book).
Design implication 3: Beyond all perceptions that predicted all other factors of icon successfulness, sadness (β = 0.059, p < 0.05) and fastness (β = 0.066, p < 0.01) weakly predicted willingness to purchase the imagined app behind the icon (Tables 4 and 6 ). If cursively investigating the icons that score high on these factors, they seem to share some of the following features (Appendix A): 1) icons rated as sad were generally dominated by a desaturated or dark color palette (e.g. shades of grey or pure black), and they depicted elements that can be perceived as unpleasant; 2) icons rated as fast illustrated actions or objects that are typically associated with being rapid (e.g. a motorcycle or an airplane). A related observation is that icons with high scores of perceptions for things that are generally regarded as positive do not necessarily lead to higher icon successfulness. The indication that sadness predicts the willingness to purchase an app behind the icon is one example of this. Moreover, high overall evaluation score does not automatically lead to a high score in the willingness to click the icon, nor in the willingness to download or purchase the imagined app. Thus, it can be argued that app icons should incorporate more than one of the design implications in order to enhance the likelihood to consumer interaction.
Purely as illustrative examples, Table 11 introduces icons with the highest scores in overall evaluation of the icon design, the willingness to click the icon, as well as the willingness to download and purchase the imagined app. However, we wish to note again that this study did not study the relationship between icon features and successfulness per se. Therefore, any relationship between icon feature and success should be regarded as background data augmenting the focus of the study that was on the relationship between perception and successfulness.
Limitations and future research
App icon design is a complex matter with room for further investigation. This study was one of the first attempts to understand consumer perceptions of app icon successfulness by utilizing game app icons as data collection material. Moreover, this study attempted to rule out non-significant adjectives to aid future research on this topic. Nevertheless, this research has several limitations.
As is natural to any study, some compromises have to be made with Table 11 Top 6 icons with the highest score in overall evaluation, willingness to click the icon, as well as download and purchase the imagined app on a seven-point scale (1 = lowest and 7 = highest).
regards to study design as it is impossible to include the entire relevant phenomenon in the scope of a single study. In this study, as having all possible icons or icon categories as stimulus material, we selected one larger domain of iconography. We decided to select game app icons as the stimulus material of the study as 1) mobile game app icons are internally a homogenous category of graphical elements in the sense that they all share the same size, same possible color space and thus should eliminate unforeseen variability, 2) they are familiar to people from before-hand and participants can more effortlessly imagine countering such icons in their normal life, 3) game icons exhibit perhaps more heterogeneity in possible styles compared with icons related to utilitarian software/apps, and therefore, game apps may afford greater external validity and/or generalizability across icons, 4) currently game apps represent a hugely timely phenomenon as game apps are the most popular app category globally by several statistics. 8, 9, 10 Icons of new game apps were chosen for this study to eliminate the chance of app and icon familiarity and thus, systematic bias. Hence, the set of icons in this study may not represent the icons of top grossing game apps which consumers more commonly face on app stores. Therefore, consumer perceptions may have been affected by the comparison of top grossing game apps and their icons. This should not be regarded solely a limitation, as the sample of icons in this study represents the majority of game icon material on app stores and may thus give a more realistic perspective on consumer perceptions. However, this might contribute to the fact that the icons used in this study received ratings that can be perceived negative, e.g. ugly and cheap. The sample in this study is a nonprobability convenience sample, therefore it is not necessarily representative of all app store users.
Participants were uninformed about the purpose of the apps behind the icons in the experiment, as this could affect the results. Knowledge of the app may pose a risk of bias in user perceptions, thus the choice was made to eliminate possible confounding variables influencing the main objective of the study. This was further controlled by selecting new game app icons for the experiment that were not widely known. Therefore, this study may be limited in terms of external validity in order to maximize internal validity.
The research question of this study was "How does aesthetic perception of an icon lead to icon successfulness" (as measured via likelihood to click, download, purchase and rate it highly). Hence, also our measurement is focused on icon aesthetics. This study did not include other factors aside from aesthetic qualities that contribute to a consumer's willingness to interact with app icons. In this study, we measured participants' self-reported willingness to interact with the icons presented to them. Alternatively, (intended) behavior could have also been tested by having participants actively click or select icons, or in a field experiment in a real app store to track user behavior. Due to the limitations of the measurement related to the dependent variables used in this study, further investigations could pursuit logging behavioral metrics to increase validity of the study. However, in many cases collecting both the perceptual data on UI aesthetics and user behavior simultaneously may prove difficult.
Future research could be expanded in several directions. For one, investigating the Concrete-Abstract and Simple-Complex relationship regarding app icons would be beneficial, because the findings in this study did not support prior literature to that extent. Game app icons were used in this study to maximize internal validity. This introduces a possibility for conducting future research on other app icon types for comparative results. The choice of not informing participants about the purpose of the apps behind the icons was made to avoid systematic bias. However, it would be beneficial to conduct a similar study with additional information on the app context. Moreover, future research could map out how participants would describe the imagined app behind the icon to see how icon design affects perceptions on the purpose of the app. As this study employed a large-scale quantitative approach, it provides a broad overview of the relationship between consumer perceptions and app icons. To acquire further, in-depth understanding of the topic, a qualitative approach is recommended. The aim of this study was to explore aesthetic qualities that contribute to consumer perceptions of app icon successfulness, yet other possible factors aside from aesthetic qualities could also be studied in the future, e.g. the number and type of downloaded apps and their effect on perceptions of icon successfulness. Finally, differences in perceptions between cultures, genders and personalities would be an interesting approach for future research to aid designing icons that correspond to the needs of different users.
Conclusion
This study explored how consumer perception affects app icon successfulness from an aesthetic perspective. Aesthetic appeal is subjective, which is a probable cause for variations in the results. However, the findings show evidence of consensus that proves an empirical relationship on consumer perceptions and icon successfulness. As the data sample in this study is particularly extensive, the results may be regarded as a contribution to overall knowledge. Revealing this phenomenon may be a building block that eventually leads to further theoretical implications around this topic. Furthermore, the design guidelines in this study assist app designers, developers and marketers when creating a key branding asset for app stores. As such, this study has laid the groundwork for future research that aims to understand consumer perceptions of app icons in graphical user interfaces and online storefronts.
